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ABSTRACT 



Performing an antenna diversity set-up according to the 
present invention a first mobile terminal (1) transmits a 
pre-defined antenna calibration signal to a second mobile 
terminal (15) using its omni-directional antenna (10). Dur- 
ing the period of the transmitted signal the best receiving 
antenna (x) is identified at the second mobile terminal (15) 
by switching all its directional antennas (21 to 28) and its 
omni-directional antenna (20) into its receiving path and 
measuring the received signal quality, e.g. the received 
signal strength. The directional antenna (x) of the second 
network device (15) which is identified as best receiving 
antenna is then used for transmission and reception of data 
transfer with the first network device (1). Using this antenna, 
the second network device (15) transmits its pre-defined 
calibration signal to the first network device (1) which 
repeats a similar switching and measuring procedure with its 
directional antennas (11 to 14) and its omni-directional 
antenna (10) to identify its best receiving antenna (y). These 
two antennas (x, y) identified at the second network device 
(15) and the first network device (1) are then used for direct 
data transfer in-between these both devices. This inventive 
method is preferably used in direct mode within an IEEE 
1394 based HIPERLAN type 2 wireless network. 

6 Claims, 3 Drawing Sheets 



MT1 



Omni-directional 
Antenna 



Selection of best 
Antenna y (out of 
N+1 Antennas) 



Directional 
Antenna y 



-15 



MT2 



AD_Signal 
AD_Signal 



S2 



Data 



Selection of best 
Antenna x (out of 
M+i Antennas) 



Directional 
Antenna x 



Directional 
Antenna x 



01/07/2004, EAST Version: 1.4.1 



U.S. Patent Apr. 9, 2002 Sheet 1 of 3 US 6,370,369 Bl 





01/07/2004, EAST Version: 1.4.1 



U.S. Patent Apr. 9, 2002 Sheet 2 of 3 



US 6,370,369 Bl 




£ 



Omni-directional 
Antenna 



Selection of best 
Antenna y (out of 
N+1 Antennas) 



Directional 
Antenna y 



Selection of best 
Antenna x (out of 
M+1 Antennas) 



Directional 
Antenna x 



Directional 
Antenna x 



Fig. 2 



01/07/2004, EAST Version: 1.4.1 



U.S. Patent 



Apr. 9, 2002 Sheet 3 of 3 US 6,370,369 Bl 




Fig. 3 
(PRIOR ART) 



— Direct Mode 

— Up- and Downlink 



01/07/2004, EAST Version: 1.4.1 



US 6,370,369 Bl 

1 2 

NETWORK DEVICE AND METHOD identifying the best receiving antenna of the second 

EMPLOYING OMNI DIRECTIONAL AND network device by successively switching all direc- 

DIRECTIONAL ANTENNAS tional antennas and the omni-directional antenna of the 

DESCRIPTION second network device into its receiving path and 

5 respectively measuring the received signal quality, and 

The present invention relates to transmit and receiving setting said identified best receiving antenna as transmit 

antenna diversity in wireless networks, in particular in a nd receiving antenna of said second network device; 

wireless networks with direct mode, i.e. the possibility that me set transmit and receiving antenna of said 

network devices, e.g. mobile terminals, directly communi- sacaad netw0 rk device to transmit a calibration signal 

cate with each other without using a central station or access from the second network device t0 the first ne twork 

point as repeater. device; and 

An exemplary wireless network is shown in FIG. 3. identifying the best receiving antenna of the first network 
Generally, mobile terminals in wireless networks, such as device by successively switching all directional anten- 
the IEEE 1394 based HIPERLAN type 2 network which is Das and the omni-directional antenna of the first net- 
developed under supervision of ETSI comprise several work device into its receiving path and respectively 
different directed antennas to be able to perform a receiving 15 measuring the received signal quality, and setting said 
antenna diversity in regard to the central controller or access identified best receiving antenna as transmit and receiv- 
point 18. In this case the receiver of a mobile terminal 1, 15, ing antenna of said first network device. 
16, 17 determines the best receiving antenna during a Therewith, according to the present invention the amount 
downlink period of a communication with the central con- of measurements needed to be performed until the best 
troller or access point 18 and the transmitter of said mobile 20 antenna pair is identified is reduced to N+M+2 in case the 
terminal uses the same antenna during an uplink period. An firsl network device comprises N directional antennas and 1 
IEEE 1394 bus with connected network devices is exem- omni-directional antenna and the second network device 
plary shown only for the fourth mobile terminal 17. 3^ M 1 omm - directlonal 

The state of the art on both transmit and receiving antenna „ p.-,' ■ j- i . r * i j • 

. . . , „ . .... , a - ^ a 25 Said omni-directional antenna of a network device 

diversity in wireless networks with direct mode is performed ,. . 4l _ 4 . r 

, , A „ A , * * , . according to the present invention is preferably separate 

by switching between all transmit and receiving antennas in c *t_ j- *• i * u , j- * 

•\ A . ... ,...11 -I* from the directional antennas, but according to a further 

order to assess the provided radio link quality in all possible f , , ,. . r. . . ? .. . , 

; A . , . -it- preferred embodiment of the present invention it is also 

cases. In case a first mobile terminal having a medium r , t . ,. . , t ■ . . 

A , WA/ , Tr4 b possible that said omni-directiooal antenna is built by a 

access control identifier, i.e. MAC-ID, MT1 comprises N r „ , c n c a a- ** i 

, . , ' . . ' , r , 30 parallel connection of several or all or said directional 

directed transmit and receiving antennas and a second antennas 

mobile terminal having medium access control identifier ™, 1 - , , ,. . . 

. •« . . * , . . . This further preferred embodiment according to the 

MT2 comprises M .directed transmit and receiving antennas fa ^ has ^ ^ tha , existing 6 netW0rk 

there is the need to perform N-M measurements until the \ . , , . . . ® , . ° 

. , . . ... .„ , c , , 4 , K! devices can easily be adapted to the inventive method 

best antenna pair is identified, since for each of the N „ ... . . . . r . , , . , . . , 

,. 4 , A , ' c 4 L1 , • , iL 35 without considerable changes in hardware, but by mainly 

directed transmit antennas of the first mobile terminal with ... . f , c . \. 

. „ , , . . , - . providing the new control method for antenna diversity 

MAC-ID MT1 all M receiving antennas of the second accordin to the resent invention 

mobile terminal with MAC -ID MT2 have to be switched A ? . . ,L t • . u , . tU 

, . . , . , . 4 An antenna calibration signal that ls to be used in the 

through to determine the antenna pair having the best t . ,t_ j * e . **j 

c & ™ XTlljr r 4 j 1 inventive method to perform a transmit and receiving 

performance. These N M measurements need a rather long , ... r t . , . ..° 

\ , . , . . i • , ^ 40 antenna diversity with a network device according to the 

time when considering systems with a bigger number of . . , , . . , . . . . . 

, • . t o . present invention is charactenzed w that a signal is used 

mobile Sinai r6CCmn8 & C ' 8 ' Which akeady aVaUable withi " the m ° b " e tenninaL 

m „ ..... . . Therefore, no additional memory space is needed to store 

Therefore, it is the object of the present invention to ^ calibration si j according t0 the present invention, 

reduce the time to identify the best antenna pair in case of 45 Prcfcrabl one or morc B16 rtcr bols arc used to 

transmit and receiving antenna diversity. compose ^ cali5ration signal) wherein a B16 ^ a 

This object is solved with a method to perform a transmit quartcr symbol a BCCH/upiink preamble according 

and receiving antenna diversity in-between a first network t0 the i E EE1394 based HIPERLAN type 2 network, 

device and a second network device of a wireless network ^ use of this signal the advantage that the peak 

according to independent claim 1, a network device within 50 to ave rage power ratio and dynamic range is low. 

a wireless network which is comprising a number of direc- Qf course> thc calibration signal has to be transmitted 

tional antennas according to independent claim 4 and an during the whole of sw i tc hing through aU available 

antenna calibration signal according to independent claim antennas of the respective receiving network device and it 

11. Preferred embodiments thereof are respectively defined has to be homogeneous over its signal period, 

in the dependent subclaims. S5 -j^ present invention and its numerous embodiments will 

According to the present invention a network device of a be better understood from the following detailed description 

wireless network, such as a mobile terminal of an IEEE1394 0 f an exemplary preferred embodiment thereof taken in 

based HIPERLAN type 2 network, which comprises a conjunction with the accompanying drawings, in which 

number of directional antennas to perform antenna diversity FIG. 1 shows two mobile terminals of an IEEE 1394 

additionally comprises an omni-directional antenna. 60 HIPERLAN type 2 network adapted according to the present 

Therewith, to perform a transmit and receiving antenna invention; 

diversity in-between first and second of such network FIG. 2 shows the antenna diversity set-up in direct mode 

devices according to the present invention the following for both mobile terminals shown in FIG. 1; and 

steps are performed: FIG. 3 shows an exemplary IEEE 1394 based HIPER- 

using the omni-directional antenna of the first network 65 LAN type 2 network. 

device to transmit a calibration signal from the first FIG. 1 shows that the first mobile terminal 1 having the 

network device to the second network device; medium access control identifier, i.e. MAC-ID, MT1 has 
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N=4 directional antennas 11 to 14 and one omni-directional 
antenna 10 which are connected via a switching unit 9 to the 
movable terminal of a transmit/receive selection switch 2 
which fixed terminals are respectively connected to the 
transmitter and receiver signal path of the mobile terminal 1. 
In the receiver signal path a receiver 3 is directly connected 
to the respective fixed terminal of the transmit/receive 
selection switch 2. This receiver 3 produces a data and 
control signal input to a controller 6 and also outputs a signal 
wherefrom a signal quality measurement unit 5 can deter- 
mine the received signal strength which is output to the 
controller 6. For the transmitter signal path the controller 6 
outputs a data and control signal to a transmitter 4 which 
modulates, up -converts and amplifies this signal to a given 
signal strength which is indicated to the transmitter 4 by a 
control signal generated by the controller 6 and outputs the 
generated transmission signal to the respective fixed termi- 
nal of the transmit/receive selection switch 2. 
Bi-directionally connected to the controller are a user inter- 
face 7 and a memory 8. Furtheron, the controller 6 outputs 
a antenna selection signal to the switching unit 9. 

The second mobile terminal 15 having a medium access 
control identifier MT2 ooks identical to the first mobile 
terminal 1 apart from the fact that it comprises M«8 direc- 
tional antennas 21 to 28 and one omni-directional antenna 
20 which are respectively connected to the switching unit 9. 

In the following the antenna diversity set-up in direct 
mode between the first mobile terminal 1 having the medium 
access control identifier MT1 and the second mobile termi- 
nal 15 having the medium access control identifier MT2 is 
explained in connection with FIG. 2. 

For example, after the direct mode connection set-up and 
a transmit power control the access point/central controller 
18 grants resources for the peer mobile terminals, i.e. the 
first mobile terminal 1 and the second mobile terminal 15, to 
perform antenna diversity selection. Therefore, using its 
omni-directional antenna 10, the first mobile terminal 1 with 
MAC-ID MT1 transmits an antenna diversity calibration 
signal, in the following AD__signal, to the second mobile 
terminal 15 with MAC-ID MT2 in a first step SI. 

During the period of the transmitted signal the best 
receiving antenna is identified at the second mobile terminal 
15 with MAC-ID MT2, by switching the M*8 directional 
antennas 21 to 28 and the omni-directional antenna 20 into 
the receiving path and then measuring the received signal 
quality, e.g. the received signal strength RSS. The direc- 
tional antenna x at the second mobile terminal 15 with 
MAC-ID MT2 which is identified as best receiving antenna, 
e.g. the first directional antenna 21 of the second mobile 
terminal 15, is then used for transmission and reception of 
direct mode transfer with the first mobile terminal 1 with 
MAC-ID MT1. Using this antenna the second mobile ter- 
minal transmits its AD -signal to the first mobile terminal 1 
in a second step S2. 

The first mobile terminal 1 performs a similar switching 
and measuring procedure with its M=4 directional antennas 
11 to 15 and its omni-directional antenna 10 to identify its 
best receiving antenna y, e.g. the second antenna 12 of the 
first mobile terminal 1. These two antennas y and x identified 
at the first mobile terminal 1 and the second mobile terminal 
15 are then used for data transfer in direct mode in-between 
these both mobile terminals. 

Basically, the numbers N and M of directional antennas 
depend on the system used, preferably N=M^8 directional 
antennas are used. 
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In the following the requirements of the antenna calibra- 
tion signal are listed and explained: 

the length of the signal has to be sufficient for switching 

and measuring the maximum number of antennas used 

within a mobile terminal, 
the strength of the signal has to be homogenous over its 

signal period, 

the peak to average power ratio and dynamic range has to 
be low, and 

in order to avoid additional space for the signal storage a 
signal shall be applied which is already available. 

Of course, depending on the needs of the system not all 
of these 4 items have to be fulfilled simultaneously. 

As mentioned above, the best antenna arrangement will 
be found by subsequently switching of all antennas into the 
receiving path and measuring of the signal strength. Table 1 
below contains an estimation of the time (specified in parts 
of a symbol length for the IEEE1394 based HIPERLAN 
type 2 network) needed for measurement of the signal and 
switching from one antenna to the next. 

TABLE 1 



25 



45 
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Leng th of the antenna calibration signal for one antenna 
Function Symbol 



Signal collection and energy integration over antenna n 
Setting-up a switching to antenna n + 1 



Va 



30 



As shown in Table 1, for the measurement and switching 
of one antenna a time of approximately one OFDM symbol, 
i.e. 3,2 fts, is needed, wherefore for N»8 directional antennas 
and one omni-directional antenna a calibration signal with a 
length of 9 symbols=28,8 /<s is necessary. 

Preferably each of these 9 OFDM symbols is composed 
by 4 quarter symbols as they have been introduced for the 
BCCH/uplink preamble within the IEEE1394 based HIP- 
ERLAN type 2 standard. As required, the time domain 
waveform of the B16 symbols achieves a low peak to 
average power ratio and a small dynamic range. Therefore, 
it is preferred to use B16 symbols to compose the antenna 
calibration signal. 

Of course, the present invention is not limited to 
IEEE1394 and also not to HIPERLAN type 2. In general, 
any wireless network and network devices within such a 
network supporting antenna diversity are applicable to the 
present invention. Also, the present invention is not limited 
to direct mode only, it is also thinkable that antenna diversity 
according to the present invention can be performed 
in-between a mobile terminal and the central controller/ 
access point. 

What is claimed is: 

1. Method to perform a transmit and receiving antenna 
diversity in-between a first network device (1) and a second 
network device (15) of a wireless network, characterized by 
the following steps: 
using an omni-directional antenna (10) of the first net- 
work device (1) to transmit a calibration signal from the 
first network device (1) to the second network device 

(is); 

identifying the best receiving antenna (x) of the second 
network device (15) by successively switching all 
directional antennas (21 to 28) and an omni-directional 
antenna (20) of the second network device (15) into its 
receiving path and respectively measuring the received 
signal quality, and setting said identified best receiving 
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antenna (x) as transmit and receiving antenna of said 
second network device (15); 

using the set transmit and receiving antenna (x) of said 
second network device (15) to transmit a calibration 
signal from the second network device (15) to the first 5 
network device (1); and 

identifying the best receiving antenna (y) of the first 
network device (1) by successively switching all direc- 
tional antennas (11 to 14) and said omni-directional 
antenna (10) of the first network device (1) into its 1C 
receiving path and respectively measuring the received 
signal quality, and setting said identified best receiving 
antenna (y) as transmit and receiving antenna of said 
first network device (1). 

2. Method according to claim 1, characterized in that said 15 
wireless network is an IEEE 1394 based HIPERLAN type 2 
network. 

3. Method according to claim 1, characterized in that said 
network device is a mobile terminal (1, 15) or a central 
controller (18). 2C 

4. Network device within a wireless network comprised 
of a number of directional antennas and having an omni- 
directional antenna, said network device being a first net- 
work device (1) and adapted to perform a transmit and 
receiving antenna diversity method with a second network 25 
device (15) of the wireless network, comprising the steps of: 

using an omni-directional antenna (10) of the first net- 
work device (1) to transmit a calibration signal from the 
first network device (1) to the second network device 

(is); 
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identifying the best receiving antenna (x) of the second 
network device (15) by successively switching all 
directional antennas (21 to 28) and an omni-directional 
antenna (20) of the second network device (15) into its 
receiving path and respectively measuring the received 
signal quality, and setting said identified best receiving 
antenna (x) as transmit and receiving antenna of said 
second network device (15); 

using the set transmit and receiving antenna (x) of said 
second network device (15) to transmit a calibration 
signal from the second network device (15) to the first 
network device (1); and 

identifying the best receiving antenna (y) of the first 
network device (1) by successively switching all direc- 
tional antennas (11 to 14) and said onmi-directional 
antenna (10) of the first network device (1) into its 
receiving path and respectively measuring the received 
signal quality, and setting said identified best receiving 
antenna (y) as transmit and receiving antenna of said 
first network device (1). 

5. Network device according to claim 4, characterized in 
that said omni-directional antenna (10; 20) thereof is built by 
a parallel connection of at least some of said directional 
antennas (11 to 14; 21 to 28). 

6. Network device according to claim 5, characterized in 
that said omni-directional antenna (10; 20) thereof is built by 
a parallel connection of all of said directional antennas (11 
to 14; 21 to 28). 

***** 
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